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We consider new s-channel scalar exchanges in e+e− ! ZZ, W+W− in supersymmetry with a small
lepton number violation. We show that a bilinear R-parity violating term which leads to sneutrino–
Higgs mixing can give rise to a significant scalar resonance enhancement in e+e− ! ZZ, W+W−.
We use the LEP2 measurements of the WW and ZZ cross-sections to place useful constraints on this
scenario. We also find that the exchange of the sneutrino-like admixture in e+e− ! ZZ, W+W−
may be easily accessible to a 500 GeV e+e− collider even if its mass lies 150 GeV away from
resonance.
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In spite of the indisputable success of the Standard
Model (SM) in confronting experimental data, there are
strong theoretical motivations for new beyond the SM
physics being just around the corner. One of the most at-
tractive new physics scenarios is supersymmetry (SUSY),
which oers a plethora of new phenomena that might be
observed in upcoming future colliders. As opposed to
the SM, lepton number does not have to be conserved in
the SUSY Lagrangian. In fact, there is no fundamental
principle that enforces lepton number conservation.
The SUSY superpotential can violate lepton num-
ber (or more generally R-parity) via an R-parity violat-
ing (RPV) Yukawa-like trilinear term (RPVTT) in the
purely leptonic sector, and via a mass-like RPV bilinear










where i, j, k = 1, 2 or 3 label the lepton generation and
a, b = 1, 2 are SU(2) indices. In what follows we will as-
sume that only µ3 6= 0.y The scalar potential contains the
corresponding soft breaking RPV terms. The relevant
ones for our discussion are b3 ~L3Hu and M2L˜H
~L3Hd [2,3]
which lead to a non-vanishing VEV of the tau-sneutrino,
v3. However, since lepton number is not a conserved
quantum number in this scenario, the H^d and L^3 super-
elds loose their identity and can be rotated to a partic-
ular basis (H^ 0d, L^
0
3) in which either µ3 or v3 is zero [4].
In what follows, we nd it convenient to choose the basis
where v3 = 0.
Throughout this paper we will assume a small lep-
ton number violation in the superpotential. That is,
The RPVTT λ0LˆQˆUˆ is not relevant for our discussion.
yThe effects of µ1 6= 0 and/or µ2 6= 0 are not crucial for the
main outcome of this paper.
jµ3/µ0j  0.1 and jλijk j  0.1 (µ0 is the usual R-
parity conserving (RPC) Higgs mass term, µ0H^dH^u, and
b0 ~Hd ~Hu is the corresponding soft term). Furthermore,
the minimization of the scalar potential yields (in the
v3 = 0 basis) [2]: b3 = (M2L˜H + µ3µ0) cotβ, where
tanβ  vu/vd. Thus, in the general case, b3 needs not be
suppressed even if µ3/µ0 << 1 [3,5]. However, the natu-
ral case is when all the parameters in the above relation
are of the same order. That is M2
L˜H
 µ3µ0, imply-
ing that b3  µ3µ0 cotβ. Now, since b0  µ20 sin 2β also
follows from the minimization conditions (assuming that
all the RPC mass terms in the scalar potential are of the
same order), µ3/µ0 << 1 leads to a small lepton number
violation also in the scalar potential, i.e., b3 and M2L˜H
<< b0.
Some of the interesting phenomenological implications
of the RPVBT are tree-level neutrino masses [2,4,5] and
new scalar decay channels [6].
In this letter we suggest yet a new signature that can
serve as an exclusive probe of the RPVBT. In particular,
one can have scalar resonances in massive gauge-boson
pair production:
e+e− ! k ! V V , with V = W or Z , (2)
where k are admixtures of the RPC CP-even neutral
Higgs and tau-sneutrino elds as described below (the
CP-odd scalars do not couple to V V at tree-level). Such a
resonance can arise with measurable consequences when
the incoming e+e− beam couples to the sneutrino com-
ponent in k with a coupling / λ >> me/MW in (1),
while the V V nal state couples to the Higgs components
in k. Therefore, this scalar exchange can be attributed
only to the Higgs{sneutrino mixing phenomena via the
RPVBT and is a viable mechanism for probing a RPVBT
beyond a RPVTT.
Let us dene the SU(2) components of the neutral
Higgs and Stau elds, respectively, as: H0d,u  (χ0d,u +
vd,u + iφ0d,u)/
p




setting v3 = 0). The CP-even 3  3 symmetric scalar
mass matrix is then obtained through the quadratic
part of the scalar potential as: 12
0M2+(
0)T , where
0 = (χ0d, χ
0
u, ~ν+).
In the RPC limit the Higgs and sneutrino sectors de-
couple, i.e., M2+ consists of the usual 2  2 upper left
block corresponding to the two CP-even Higgs states (see
e.g., [7]), (M2+)33 = m
2
ν˜+
and (M2+)13,23 = 0. However,
with b3/b0 6= 0, M2+ acquires the new o-diagonal en-
tries: (M2+)13 = (M
2
+)31 = −b3 and (M2+)23 = (M2+)32 =
b3 tanβ (in the v3 = 0 basis [2]), which are responsible
for the mixing of χ0d,u with ~ν+. As a result, the usual
CP-even RPC Higgs states H01 and H
0
2 (mH01 > mH02 )
acquire a small ~ν+ component and vice versa.
The new CP-even scalar mass-eigenstates (i.e., the
physical states) are denoted here by   (H, h, ~ν), where
H, h and ~ν are the states dominated by H01 , H02 and ~ν+,
respectively. They are related to the weak eigenstates
via 0` = S`kk, where S is the rotation matrix that di-





use msν and m0sν to denote the masses of the (physical)
~ν and of the ~ν+, respectively]. The interaction vertices
of the physical states  are then obtained by rotating
the Feynman rules of the RPC SUSY Lagrangian (see
e.g., [8]) with the matrix S. Thus, if Φ0
`
is an interac-
tion vertex involving a weak state, then Φk , the vertex
involving the physical state, is given by Φk = S`kΦ0` .
Hence, the kV V coupling is given by:
ΦkVµVν = i(e/sW )CV mV (cβS1k + sβS2k) gµν , (3)
where CV = 1(1/cW ) for V = W (Z), sW , cW =
sin θW , cos θW and cβ , sβ = cosβ, sin β. Note that for
b3 ! 0, S11 = S22 ! cosα, S12 = −S21 ! − sinα,
S33 ! 1 and S13,23,31,32 ! 0 (α is the usual mixing angle
of the RPC neutral CP-even Higgs sector [7,9]).
The couplings Φke+e− are obtained from the RPVTT
term in (1) and are Φke+e− = S3kν˜+e+e− =
iS3kλ131/
p
2. In our numerical analysis we will set
λ131 = 0.1 irrespective of msν . [since σ(e+e− !  !
V V ) / λ2131 (see below) it can be easily rescaled for
dierent values of λ131]. We note, though, that the
present 1σ limit [1], λ131 < 0.06 me˜R/[100 GeV], does
not rule out λ131  0.3 if the typical slepton mass is
me˜R  msν  500 GeV.
σ0V  σ(e+e− !  ! V V ) is thus given by:











where δV = 2(1) for V = W (Z), βV =
p
1− 4M2V /s
(s is the square of the c.m. energy) and Ak =
(cβS1k + sβS2k). Also, ^k = (1 − x2k + ixkyk)−1, with
xk = mΦk/
p
s, yk = ΓΦk/
p
s and ΓΦk is the k width.
The interferences between the SM diagrams and our s-
channel scalar diagrams are / me and therefore negli-
gible. Thus, the total cross-section for e+e− ! V V is





Let us now establish our relevant low-energy SUSY
parameter space. The usual RPC CP-even Higgs sector
can be described at tree-level by only two parameters
[7,9], conventionally chosen to be mA - the pseudo-scalar
Higgs mass - and tβ  tanβ. Furthermore, since mA
typically scales as µ0 (in the RPC limit m2A  b0/ sin 2β
and b0  µ20 sin 2β), without loss of generality we set
b3  µ3µ0 cotβ  m2A cotβ, thus parameterizing lep-
ton number violation in the scalar sector by the quantity




sν , tβ, 
}
therefore
completely xes M2+ (at tree-level) from which the rota-
tion matrix S and the tree-level masses mΦk are derived.
We note that setting b3 = m2A cotβ has three impor-
tant implications: (i) The eect of b3 on mA turns out
negligible by virtue of  << 1 (implying b3 << m2A).
Thus, as an input we choose mA to be the \bare" (i.e., in
the RPC limit) pseudo-scalar mass. (ii) b3 needs not be
suppressed compared to M2Z , in particular, b3
>M2Z is
possible even for small  values if m2A >> M
2
Z . In such a
case, scalar masses O(MZ) could be shifted signicantly
by b3. This has important consequences in particular on
the light CP-even Higgs particle as discussed below. (iii)
Since  is expected to be O(µ3/µ0) it roughly character-
izes the amount of RPV also in the fermionic sector. In
particular,  will be the typical RPV parameter that con-
trols the size of the tree-level tau-neutrino mass which is
indeed / µ3/µ0 in the v3 = 0 basis. Thus, the amount of
allowed RPV in the scalar sector (i.e., b3) can be inferred
from the upper limit on the tau-neutrino mass mντ ; it
turns out, that µ3/µ0   < 0.1 is allowed by the labora-
tory upper limit on mντ [4,5].
We will focus on the case of a heavy Higgs spectrum, in
particular m2A >> M
2
Z , which leads to the near mass de-
generacy mH  mA. Thus, the 2 2 Higgs block in M2+
involves two mass scales in the RPC limit, mH01  mA
and mH02  MZ (at tree-level). As mentioned above,
this makes the light Higgs rather sensitive to b3 even for
 << 1 when m2A >> M
2
Z . In particular, we nd that if
mA, m
0
sν > mH02 , then mh tends to decrease with . We
can thus use the present LEP2 limit on mh (roughly given
by mh > 100 GeV irrespective of tβ , if mA > 200 GeV,
in the maximal mixing scenario with a typical SUSY
scale/squark mass of 1 TeV [10])z to deduce the allowed
range of  for given mA and m0sν values. Therefore, here-
zSince b3 6= 0 the hZZ coupling, A2 in (4), can be smaller
than its value in the RPC case leading to a smaller e+e− !
Zh production rate. The limits on mh given in [10] are there-
fore slightly weaker in the RPV case (see e.g., [3]).
2
after, we include the dominant higher order corrections
(coming from the t − ~t sector) to the (H01 , H02 ) block in
M2+, using the approximated formulae given in [11] with
the maximal mixing scenario (as dened in [11]) and set-
ting the typical squark mass at mq˜  1 TeV. For example,
for mA = 600 GeV, tβ = 50 and m0sν = 200(500) GeV,
we nd that jj < 0.05(0.12) is required in order to have
mh > 100 GeV (see also Fig. 2 and [12]).
We nd that, with m2A >> M
2
Z , the ~ν state will po-
tentially yield the dominant signal. Indeed, even though
the ~ν and the h coupling combinations, which enters σ0V ,
are comparable (ν˜V V  ν˜e+e−  hV V  he+e−),
due to the theoretical upper limit on mh (mh < 140
GeV), h cannot resonate and its contribution to σ0V is
sub-dominant near a ~ν resonance.x Furthermore, for
m2A >> M
2















Z−! − cosβ , (5)
leading to A1 ! 0, where A1 is the reduced HV V cou-
pling dened in (4). Therefore, since the reduced hV V
couplings (A2) approaches 1 in this limit, the ~ν couples
to the gauge-bosons almost exclusively through its light
Higgs component H02  h and the ~ν resonance traces the
SUSY light Higgs through the ~ν − h mixing caused by
the RPVBT.
The ~ν width (Γν˜ in (4)) needs to be included, since it
controls the behavior of σ0V in the vicinity of our ~ν reso-
nance. Assuming that the lightest neutralino (~χ01) is the
Lightest SUSY Particle (LSP) and also that msν > mχ˜+1 ,
where ~χ+1 is the lighter chargino, then the RPC two-body
decays ~ν ! ~χ01ντ , ~χ+1 τ are open and dominate. Indeed,
for m2A >> M
2
Z and following the traditional assumption
of an underlying grand unication with a common gaug-
ino mass parameter of m1/2 < msν , the mass hierarchy
mχ˜01 < mχ˜02  mχ˜+1 < msν and mχ˜03,4  mχ˜+2 > msν is
possible when msν < mA [9]. Thus, upon ignoring phase
space factors, a viable conservative estimate is (see e.g.,
[13]): Γν˜  Γ(~ν ! ~χ01,2ντ ) + Γ(~ν ! ~χ+1 τ)  10−2msν
which we use below (for the ranges of , mA and m0sν con-
sidered the possible RPV decays are suciently smaller
and Γν˜  Γν˜+ since S33 ! 1). Also, for reasons ex-
plained above, ΓH and Γh have a negligible eect on the
~ν resonance and are therefore neglected.
Before presenting our numerical results we note that
suciently away from threshold (βV ! 1), σ0W /σ0Z 
(δW c2W /δZ)  (MZ/MW )2  2 and, since typically
xNote that in this scenario an s-channel h exchange may
lead to similar resonant enhancement in e+e− ! V V  at
lower c.m. energies, where V  is an off-shell W or Z [12].
σSMW /σ
SM
Z > 10, the relative eect of the scalar exchange
cross-section is more pronounced in the ZZ channel.
In Fig. 1 we show σ0Z as a function of the c.m. en-
ergy
p
s for m0sν = 200 and 500 GeV. For denite-
ness we choose the three representative values  =
0.01, 0.05, 0.1 and λ131 = 0.1. Also, we take tβ = 50
and mA = 600, (for a more detailed investigation of the
parameter space involved see [12]). The SM cross-section
σSMZ is also shown. Clearly, the scalar exchange cross-





















FIG. 1. σ0Z as a function of the c.m. energy
p
s, for
m0sν = 200 GeV (left curves) and m
0
sν = 500 GeV (right
curves) and for different values of . Recall that m0sν is dif-
ferent from the corresponding physical mass msν. Note that
σ0Z scales as λ
2
131. The SM ZZ cross-section is also shown by
the dot-dashed curve.
section can be sizable and statistically signicant in a rel-
atively wide range of msν around resonance. For the case
of
p
s around 200 GeV, we can thus use the measured val-
ues of the WW and ZZ cross-sections at LEP2 to place
bounds on the −msν plane for a given mA and tβ . This
is shown in Fig. 2 where we have set mA = 600 GeV,
tβ = 50, λ131 = 0.1 and used the measured σZ and σW
(combined from the 4 LEP experiments) from the 183,
189, 192, 196, 200 and 202 GeV LEP2 runs as given in
[14]. In particular, for each run we take the measured and
the SM cross-sections,yy σexp;SMV σexp;SMV , and require
σ0V is insensitive to the signs of  and λ131.
yyFor the ZZ and WW SM cross-sections we use the results
of the ZZTO and YFSWW3 Monte-Carlos, respectively, as
given in [14].
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FIG. 2. 1σ excluded regions in the −msν plane. The curve
enclosing the dark area is excluded from the LEP2 measure-
ments of the WW and ZZ cross-sections (see text). The area
inside the heavy dots is excluded by requiring that mh > 100
GeV and is independent of λ131.








excluded −msν range coming from requiring mh > 100
GeV is also shown in Fig. 2. Evidently, the limits com-
ing from the cross-sections measurements give further re-
strictions for low  values ( < 0.05). Note also that, since
b3 = m2A/tβ , these 1σ limits can be directly translated
into limits on the b3−msν plane. Moreover, as mentioned
before, since in the natural case we expect   µ3/µ0, the
limits can also be roughly projected on to the µ3/µ0−msν
plane, which is useful for RPV in the fermionic sector.
Alternatively, for the case of a 500 GeV e+e− col-
lider we can nd the mass range of the sneutrino-like
scalar for which its contribution to the WW and ZZ
cross-sections may be observable with a statistical signi-






3. For example, we nd that with an integrated
luminosity of L = 100 fb−1, mA = 600 GeV
and tβ = 50, a more than 3σ signal can arise
in the ZZ case within the sneutrino mass ranges
291 GeV <msν < 655 GeV, 400 GeV <msν < 583 GeV
and 482 GeV <msν < 517 GeV, for   0.1, 0.05 and
0.01, respectively. These 3σ mass intervals will be smaller
by about a factor 3 if mA = 350 GeV or a factor
zzWe do not include the cases in which (σexpV − σSMV ) +p
(∆σexpV )
2 + (∆σSMV )
2 < 0.
 1.8(1.5) for tβ = 2 and mA = 600(350) GeV. The
corresponding 3σ sneutrino mass intervals in the WW
case exhibit the same behavior as a function of the pa-
rameters tβ, mA and  and are typically a factor  1.5
smaller irrespective of tβ , mA, . These 3σ mass ranges
are further enlarged if an angular cut on the c.m. scat-
tering angle, θ, is imposed [12]. Note, though, that for
mA = 600, tβ = 50 and  = 0.1, msν > 450 GeV is re-
quired in order to keep mh above  100 GeV (see Fig. 2).
Therefore, part of the 3σ msν interval cited above in the
case of  = 0.1 is theoretically not accessible.
To summarize, a small lepton number violation sce-
nario, which incorporates both trilinear and bilinear RPV
terms into the SUSY Lagrangian, can lead to a large
scalar resonance enhancement in e+e− ! ZZ, W+W−,
due to mixings between the sneutrino and the Higgs par-
ticles, which may be easily accessible to a 500 GeV e+e−
collider. We also nd that useful limits can be placed on
this scenario from the LEP2 measurements of the WW
and ZZ cross-sections and from the LEP2 limits on the
light Higgs mass.
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excluded (1σ) from measured σZ,W
mA=600 GeV
tβ=50
λ131=0.1
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mh>100 GeV
